Abstract. This paper determines the interaction between the physical indicators of frost blanket course and its deflection modulus, measured by static and dynamic devices. The Pilot Road has been selected to examine the strength properties (deflection module) of frost blanket course. A Pilot Road consisting of 27 road sections, divided into 5 different road structures. A Pilot Road has been selected to examine the strength properties (deflection module) of frost blanket course. In this research was determined the strength of frost blanket course in road pavement structures of Pilot Road by four devices: Falling Weight Deflectometer Dynatest 8000, Light Weight Deflectometers Prima 100 and ZORN ZSG 02 and Static Beam Strassentest. The results showed no reliable correlation between the deflection modulus, measured by different devices, and the physical indicators of the frost blanket course of the road pavement structures in Pilot Road.
Introduction
A frost blanket course (FBC) protects road pavement structure from the damaging effect of frost. The course is performed from the non-frost-susceptible aggregate mixtures and soils. A frost blanket course is obligatory when the layers of the road pavement structure are constructed from water permeable materials, and the subgrade is moistened continuously or periodically. Besides a protective function, the purpose of FBC is to carry loads, generated by traffic and by layers of the road pavement structure, and to distribute them to the subgrade (Kavussi, Rafiei, & Yasrobi, 2010) . Load effect, caused by motor vehicle wheels to the road pavement structure is one of the most deciding factors determining the behaviour of the road surface during its life cycle (Vaitkus & Paliukaitė, 2013) . It is necessary to collect information about the properties of the available materials being optimally used for the construction of a road, as well as their reciprocity to one another (Bazi, Briggs, Saboundjian, & Ullidtz, 2015; Mateos & Soares, 2014; Rajaei & Baladi, 2015) .
Moreover, FBC drains road pavement structure and evenly distributes loads on the formation level of the subgrade, and protects road pavement structure from the frost heaving. The primary conditions, which determine the required frost resistance of subgrade and road pavement structure, are as follows (Bilodeau & Doré, 2014; Vaitkus, Vorobjovas, Žiliūtė, Kleizienė, & Ratkevičius, 2012; Vennapusa, White, Siekmeier, & Embacher, 2012) :
• the use of non-frost-susceptible soils for the construction of the upper part of subgrade located in a frozen zone; • assurance of the required elevation of the road structure over the level of groundwater or surface water; • perform of an FBC − the volume of the material of which does not change under the effect of frost and moisture, or the use of the thermal insulation materials, which withhold frost penetration into the underneath layers and reduce the depth of frozen subgrade; • installation of draining or insulating layers − a draining layer ensures the extremely rapid water discharge from the subgrade; whereas, the insulating layers, e.g. geomembrane, prevent water from getting into the subgrade. Long-term performance and durability of a road pavement structure built on expansive soils are mainly dependent on the effective stabilisation of the subgrade and compaction techniques adopted during construction (Bheemasetti, Pedarla, Puppala, & Acharya, 2015) . Road pavement structure longevity and resistance to deformations are usually determined by measuring the strength of the road pavement structure.
The static and dynamic deflection measurement methods are used to determine the deflection module of the road pavement structure. The particular area is gradually loaded and unloaded while road pavement structure is measured by a static method. The essence of pavement structural strength evaluation is to add relative pressure to the road surface, which, according to the definition, corresponds to the load impact of a vehicle wheel at the pressure point. The disadvantage of the static method is that, under this method, it is impossible to examine the ability of the road pavement structure to convey the dynamic effect that occurs due to real vehicle loads. Dynamic methods precisely replicate the effect of the forces affecting road pavement structure because a load of the vehicle wheel is transmitted while the vehicle is moving on the road. This paper determines the interaction between the physical indicators of FBC and its deflection modulus, measured by static and dynamic devices.
Static and dynamic methods
Dependencies between dynamic and static deflection modulus are rarely used in practice. The most commonly given threshold values of static and dynamic deflection moduli are EV 2 and EV d , respectively. Values of deflection modulus for layers of bulk materials are specified according to the compaction degree of the layer being tested. Tompai (2008) conducted a static (B & C Small -Plate Device) and dynamic (Light Weight Deflectometer (LWD)) method comparative analysis. The possibility of reliable conversion among values of two dynamic deflection moduli (EV d , Ed) obtained by using an LWD and the EV 2 is briefly presented and justified. The new result of dynamic target values opens up the opportunity to perform the quality control and assess the bearing strengths of the tested layer, not only by Static Plate Load Test, which proved to be time-consuming and labour intensive but by dynamic devices as well. Figure 1 gives the summary of correlation results between the static and dynamic measuring methods in other countries. Figure 1 gives correlation results between the static EV 2 (static deflection modulus by a static plate load) and dynamic EV d (dynamic deflection modulus) measuring methods. The formulas for calculating direct correlation are seldom used in practice, most frequently the limit values are given for both EV 2 and EV d . Four different German standards give similar limit values presented in Figure 1 . It could be noticed that the value of static deflection modulus measured by static plate load at least twice exceeds the EV d . Some of the results represent an even (Tompai, 2008) stronger correlation. Only two-literature sources give correlation less than 2, though they both refer to the deflection modulus values measured in only several points and at small distances. The EV d values, presented in all German standards, are close to a correlation line indicating the ratio 2. Here, in analysed standards, when giving the limit EV d values the weakest correlation ratio (or even weaker) is applied. Determination of direct correlation between the dynamic and static deflection moduli are seldom used in practice, the values of E V 2 and E V d are approved in Germany, Slovenia and some other countries.
Sulewska (2004) published results of research, using LWD ZFG 01. It was established the functional dependencies between static and dynamic deflection moduli (Eqs (1−3)):
where ED − dynamic deflection modulus of soil deformation, MPa EV 1 and EV 2 -primary and secondary static deflection moduli of soil deformation, MPa; IS − value of soil degree of compaction, yd.
Light Weight Deflectometer is used as a control measure to determine the deflection modulus on the sand and gravel layers. Sulewska (2012) examined the soil compaction degree of embankments using LWD, as well. The tests were performed on unbound layers in the road pavement structure of North-Eastern Poland. Deflection modulus was measured using LWD. The objective of the study was to find a correlation between the deflection modulus, measured using an LWD, and the compaction rate. After analysing the results, it was found that it is necessary to perform a calibration test to strengthen the compaction control accuracy. Marginal values of the dynamic deflection moduli have to be determined based on the compaction rate (Bertulienė, 2012) . 
Physical and mechanical parameter influence to deflection modulus
The standard and actual physical and mechanical properties of FBC presented in Table 1 . Physical parameters data of all FBC sections are in Table 2 .
After establishing the FBC filtration coefficient ( (Figure 4) .
The measurement results of FBC deflection modulus show that the readings obtained by the static and dynamic devices in 27 separate sections are substantially different and vary (Figure 4) .
Analysis of the results shows that the numerical values of the deflection modulus, compared to the SB, are different. Light Weight Deflectometer values of deflection modulus (ELWD) are about 42.3% less than the SB (ESB) measured the average numerical value of deflection modulus. Light Weight Deflectometer ZORN (EZORN) values are about 68.4% less than values measured by SB, and the FWD (EFWD) values increased about 37.6%. According to the received results, it is observed that the lowest averages and lowest dispersion results have been received using an LWD ZORN device.
A statistical hypothesis about the equality of correlation coefficient values to zero to validate, the Student t-test was taken, and its statistic t was calculated as follows (Eq. (4)) (Podvezko & Sivilevičius, 2013) : A statistical hypothesis about the equality of correlation coefficient values to zero to validate, the Student t-test was taken, and its statistic t was calculated as follows (Eq. (4) 
where m − number of criteria (m = 27); r − coefficient of the pairwise correlation.
The minimum value of pairwise correlation coefficient rmin is calculated by rearranging Eq. (5) as follows:
, (Table 3) show impact to the deflection modulus measured using SB. The only kf affected the deflection modulus measured by LWD. There was no link between the physical indicators and the deflection modulus measured by ZORN device. Falling Weight Deflectometer Deflection modulus, measured by FWD depends only on kf and p2. This data shows no reliable correlation among the deflection modulus, measured by different instruments, and physical indicators of FBC of the road pavement structures in Pilot Road. It is likely that in a wider range, adjusting the physical indicators of FBC, the correlation might be stronger.
Value of deflections modulus measured by SB Strassentest and LWD ZORN decreases with increasing the thickness of FBC. However, the LWD and FWD showed the opposite result: as the thickness of FBC, the values of the deflection modulus become greater. It has been determined that the coefficient of filtration goes up as the values of deflection modulus decrease. With increasing per cent of quantities, passing through the 0.063 mm sieve, the values of deflection modulus decrease, i.e. the fine passing (smaller than 0.063 mm). The weaker is the primer with increasing per cent of quantities, retained on the 2 mm sieve, the values of deflection modulus decrease.
Conclusions
.
Given significant level α = 0.05 and t-statistic t α,v = 2.06. A Pilot Road consists of 27 road pavement structures, taking a significance level α = 0.05 and a degree of freedom ν = 27 -1 = 26, The critical value of the Student criterion is t α,ν = 2.06. The minimum value of the correlation coefficient rmin was calculated using the Eq. (5) and equal to 0.381. Values are correlated, and h and kf (Table 3) show impact to the deflection modulus measured using SB. The only kf affected the deflection modulus measured by LWD. There was no link between the physical indicators and the deflection modulus measured by ZORN device. Falling Weight Deflectometer Deflection modulus, measured by FWD depends only on kf and p2.
This data shows no reliable correlation among the deflection modulus, measured by different instruments, and physical indicators of FBC of the road pavement structures in Pilot Road. It is likely that in a wider range, adjusting the physical indicators of FBC, the correlation might be stronger.
Value of deflections modulus measured by SB Strassentest and LWD ZORN decreases with increasing the thickness of FBC. However, the LWD and FWD showed the opposite result: as the thickness of FBC, the values This data shows no a reliable correlation between the deflection modulus, measured by different devices, and the physical indicators of the frost blanket course of the road pavement structures in the Pilot Road. It is likely that when adjusting the physical indicators of frost blanket course in a wider interval, the correlation would be stronger. 3. The research clearly showed that to give more justified conclusions it would be necessary to do additional research. The correction coefficient of road pavement base course of the load distribution would be necessary to correct in calculation methodology. This correction coefficient influences the value of deflection modulus. To obtain transfer coefficients from the statistical analysis, allowing dynamic meter readings to be exchanged by the Static Beam Strassentest readings.
